changes seen in this condition are exactly similar to those described in acquired otosclerosis, with partial or complete obliteration of the fenestra ovalis and sclerosis of the basal turn of the cochlea.
Facial Nerve
The facial nerve follows a complicated course through the temporal bone running laterally in the internal auditory meatus to the geniculate ganglion and backwards and downwards around the middle ear cavity. In congenital deformities the first part is very rarely abnormal, but absence or poor development of the middle ear and external meatus often result in an abnormal course of the second and third parts of the nerve. It tends to follow a more direct path out of the temporal bone with only slight changes of direction and consequently may be situated more anteriorly than normal. The extent of the forward displacement can usually be assessed on coronal hypocycloidal tomograms by judging the position of the descending portion in relation to the labyrinth and oval window. The facial nerve may cross the middle-ear cavity and as it is not in a bony canal this important anomaly may not be recognized. However, in most cases there will be a demonstrable exit foramen or canal through the floor of the middle-ear cavity or through the atresia plate ( Fig 1E) .
Associated Inner-ear Abnormalities Before assessing congenital conductive hearing loss it is important for the radiologist to examine the inner-ear structures to exclude associated abnormality. This has an important bearing on any possible surgical correction contemplated and on the training of the child. Congenital absence of the labyrinth or a severe dysplasia of the Michel type are obviously incompatible with any cochlea function. On the other hand, the Mundini defect -in which there is a normal basal turn of the chochlea, but a dysplasia of the distal one-and-three-quarter turns -may be present, with some cochlea function (Phelps et al. 1975 ). The commonest labyrinthine abnormality is an isolated dilatation of the lateral semicircular canal. This is without significance and is the only abnormality of the labyrinth which is usually associated with normal cochlea function. It is common in thalidomide embryopathy and in mandibulofacial dysostosis (Treacher-Collins syndrome) .
If on the other hand it is associated with a dilated vestibule, it has been our experience that this type of abnormality may result in a 'stapes gusher' if the stapes footplate is interfered with surgically. A more advanced labyrinthine anomaly, which may be associated with a spontaneous CSF fistula, has been described by Phelps & Lloyd (1976) . This anomaly lies somewhere between a Michel deformity and a Mundini defect, and consists of a dilatation of the lateral semicircular canal, vestibule and basal turn of the cochlea. These patients characteristically have a 'tapered' internal auditory meatus, and this is probably the route of the fistula through a deficient lamina cribrosa. Timing The procedure to be described involves two operations. If the hearing potential is to be exploited to the full, these operations should, in the case of bilateral meatal atresia, be over before the child is 2 years old. The patient is fitted with a bone conductor hearing aid which is fastened into a bonnet until the time of the operation. The mother is told that the operation will not be carried out until the baby is 'dry', and she is encouraged to make every effort to see that the child is 'dry' by 14 months; this is because it will be necessary to take a skin graft from the insi4e of the thigh, and donor areas do not do well when they are soaked by urine. The first procedure is then carried out, the grafts are placed in position and held in place by plastic sponge, and the incision is closed. Three to four months later the ear is reopened, the meatus is fashioned and the position of the pinna is adjusted. By this means it is often possible to achieve a stable meatus with usable hearing by the time the child is 2 years old.
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The Problems Encountered
The middle ear abnormalities may be gross. The malleus and incus may be fused together, and since there is no tympanic membrane, it is not uncommon to find the handle of the malleus turned forward through a right angle and attached to the anterior wall of the middle ear above the opening of the eustachian tube. The malleus and incus mass may or may not articulate with the stapes and, as in the abnormalities found when there is a tympanic membrane, the stapes itself may be abnormal. Finally the facial nerve is often found to take an abnormal course from the internal auditory meatus to the facial muscles. Gavin Livingstone, who might justly be called the father of surgery for meatal atresia in this country, used to say that facial nerve abnormalities were rare. This has not been my experience, nor has it been the experience of many who write on the subject. The surgeon should always be on the look out for the facial nerve. If it is found to be following a course which makes correction of the conductor mechanism difficult then, in my opinion, the operation should not be pursued to the point that makes facial paralysis a possibility. The results of surgery in this condition are unpredictable and it is not justifiable to add to the problems of a patient born with a serious deformity. The nerve should always be identified and only when this has been done is it possible to decide how far one can go towards reconstruction.
The Operation The anatomy of each patient is different and so the operation has to be modified to suit the needs of the individual. Preoperative polytomography can be a great help in providing information about the position of the various structures which wi!! have to be identified.
The thigh on the side to be explored is prepared for a graft donor area. Anesthesia is important: halothane inhalation and hyperventilation with oxygen, with the patient on the table with marked 'head-up tilt' have been found to be very satisfactory.
Formerly I used a standard curved post-aural incision. I now use an incision which curves back from the mastoid tip. This can be extended if necessary in order to provide adequate exposure. The tissues are incised down to the temporalis fascia and a iarge triangular wedge of periosteum below the temporalis is removed by dissection and retained. By this means the mastoid process is cleared. The temporal muscle is undermined for about 1 cm and the pinna is swept forward with the upper and anterior skin flap. It is now essential to establish landmarks. The mastoid tip is exposed, the root of the zygoma can be palpated, and since the mastoid tip will lie closer than normally to the ascending ramus of the mandible this should be followed up to the temporomandibular joint. The joint position can be confirmed by passively opening and closing the mouth.
During mastoid exploration the site of the antrum is indicated by a leash of vessels lying in the bone immediately over the antrum. If such a leash can be identified it can be used with caution. If it is not there it is preferable to makes the first opening further posteriorly and to open into a mastoid air cell. From this cell it is possible to work forward to the antrum. However, it is wiser to work upwards until the tegmen tympani can be identified. This should then be followed posteriorly until the sinodural angle is reached. Two important anatomical landmarks have thus been established without much risk to the facial nerve. The tegmen is now followed forward towards the temperomandibular joint and medially until the antrum and epitympanum are opened.
The superior aspect of the fused ossicular mass can now be seen. Below this mass and lateral to it lies the atretic plate. No attempt is made to drill away the plate until the ossicular mass has been identified. This plate varies greatly in density and in thickness. It has to be drilled away to expose the ossicular mass and the middle ear cavity. During this drilling I have on two occasions observed the facial nerve to turn laterally below the short process of the incus and to pass forward at this level to leave the temporal bone at the level of the temporomandibular joint. For this reason I treat the atretic plate with respect and remove it slowly under six to ten times magnification. Once the facial nerve is exposed, in this position it is not advisable to remove any more of the atretic plate.
Usually it is possible to remove enough of the plate to provide a good view of the ossicular mass and of the remainder of the medial wall of the middle ear. This will permit testing for continuity of the ossicular chain and for its mobility. When the malleus and incus are not in continuity with the stapes they should be removed and retained for use later. The stapes is inspected and if possible tested for mobility. What is done about the stapes depends upon what is found and upon the experience of the surgeon. I have managed to mobilize fixed footplates, but I have never managed to drill out a very thick footplate. On occasion it has been necessary to fenestrate the lateral semicircular canal. However, the hearing results have not encouraged me to believe that this is the definitive treatment for this condition.
When the malleus has been removed and the stapes mobilized the fused mass can be trimmed under the microscope in order to make a lozenge of bone which will fit over the head of the stapes, and will then support the new tympanic membrane. After this has been fitted over the stapes the tympanic membrane graft is taken, either from the periosteum -removed from the mastoid tip areaor from temporalis fascia. A piece is fashioned that will bridge the gap between the atretic plate inferiorly and the lateral semicircular canal posteriorly, the tegmen superiorly and the temporomandibular joint area anteriorly. The graft is applied firmly to the ossicular chain and any blood in the middle ear is removed from under the graft by suction.
The remainder of the cavity is lined with a split skin graft from the thigh. The grafts are held in place by small pieces of compressed sterile plastic sponge. This cyst is completed by covering the cavity with the last piece of skin, surface side facing the cavity, and the wound is closed without drainage. Once healing has taken place and the stitches removed the patient is sent home for three months.
The incision is reopened after first palpating the operative area for the dent left by the first exploration. This identifies the site of the new meatus. The skin inside the cavity is inspected and the plastic sponge is removed. Experience shows that 'takes' are to be expected in 75-90 %. The meatus may now be fashioned with the plentiful supply of skin available. I used to sew the skin inside to the lips of the incision, thus creating a post-auricular orifice; at a later date the pinna would be transposed over the opening and come to lie behind the opening. However, in recent years, I have carried out the two procedures at one time, by means of a simple Z-plasty. This will bring a projecting flap of soft tissue to lie under the new opening, and with present day hair styles this seems all that is required. However, it is possible sometiites to insert a further graft to continue the curve of the pinna over the meatus. Once the meatus is formed and the sutures are inserted, the cavity is lined with thin silastic sheeting, and this can be kept in place with B.I.P.P. packing, which is usually removed after two weeks.
Complications
Over 50 of these procedures have been carried out, and it is apparent that there are advantages and disadvantages compared with the standard procedures described by Ombredanne, Livingstone, Holmes and Shambaugh. The major disadvantage of the technique is the need for two anesthetics. In order to understand why this is necessary the complications of procedures must be studied as they have been described by the authors just mentioned.
(1) Infection: If the operation is to be carried out early enough to provide useful hearing by the age of 2 the patient will be impossible to control by reason. He will try to explore the dressings with fingers which may have been in contact with the floor or his nappy. If there is a graft exposed whose blood supply is not firmly established, even trivial infection can endanger its life; by closing the incision this can be avoided. (2) Stenosis: Meatal stenosis has bedevilled the efforts of surgeons working in this field. The meatus which is formed by this procedure appears to be much less likely to stenose. Stenosis is usually associated with infection and the consequent formation of granu!ation tissue. If the meatus is formed from abundant skin, stenosis is less likely to occur. (3) Lateralization of the graft: In the past it has been observed that implanted materials tend to move away from the ossicular chain. This means that the transmission system will behave in a fashion similar to that seen in ossicular dislocation. If the cavity initially is lined and filled by an expanding sponge, and is then closed, a steady pressure is maintained on the graft so that it cannot move laterally and, by the time the meatus is formed, the newly sited graft materials are much less likely to move.
Assuming that these arguments are valid, one would expect from the method described a high percentage of stable meatuses with adequate hearing results. In this limited series meatal stenosis has not been a problem; there seems to have been less stenosis than with other methods.
Final Outcome It is difficult to assess the hearing results. Although modern electrical tests can give the surgeon a baseline, not every centre has such tests available as a preoperative routine. It is my practice to explore an ear if there is good clinical evidence of an adequate cochlear reserve. When I started this work seventeen years ago such tests were not available.
How then can success be measured? I have given a good deal of thought to this problem and offer the following suggestion only semi-facetiously. We can count the result as being satisfactory if the child acquires language which it was not taught. On purely otological grounds therefore I can feel happy if my patient with bilateral meatal atresia, who has been treated in this way, has learned to swear by the age of 2-years. I feel sure that no one would deliberately teach a child of this age to swear; it could therefore only be acquired if the ear was sensitive to all the sounds which contribute to the auditory environment. Several of my patients have developed this facility by the age of 2-1. Others with more abnormal middle ears, which have perhaps made reconstruction more difficult or ill advised upon anatomical grounds, have not. However, nearly all the children have in the course of time professed themselves to be satisfied with the result obtained.
